Pea cotyledons were injected with D-1'4Clmannose or D-114Cl-glucosamine and incubated for 1 to 1.5 hours. Cotyledons were homogenized and subcellular fractions were isolated by differential centrifugation followed by linear sucrose density gradient centrifugation.
Various studies with particulate preparations have suggested that lipid intermediates are utilized in the biosynthesis of glycoproteins containing Man4 and GlcNAc (3, 8, 10, 37) . In vitro assays indicate that RER is a major site of GDP:Man transferase activities in cells of plants (17, 23, 24) , animals (7) , and fungi5 (16) 
RER is also the primary site of UDP:GlcNAc transferase activities in plant and animal cells (13, 23, 24) . These observations suggest that RER is a primary site for the glycosylation of lipid intermediates and proteins in plants.
Little information is available concerning the in vivo occurrence of Man (11) or GlcNH2 containing glycolipids and glycoproteins in plants. Roberts and Pollard (28) ,uCi/ml; Amersham/Searle) at 2 ,ul label/cotyledon. Cotyledons were injected twice with a Hamilton syringe and were incubated on moist filter paper in a Petri dish for 1-1.5 h under light. Cotyledons were homogenized in GM (0.5 M sucrose, 5 mM 2-mercaptoethanol, and 30 mM Tris-Mes [pH 7.5]) with a razor blade chopper (3) , and centrifuged at 250g for 5 min. The pellet was discarded and the supernatant was then successively centrifuged at 13 ,000g for 15 min. and 40,000g for 35 min. (23) . The 13,000g and 40,000g pellets were suspended in GM ± 5 mM EDTA and pelleted at their initial force. EDTA treatment was used to remove ribosomes from the RER thereby producing a "lighter" ER membrane (23) . Crude pellets were overlaid on linear sucrose density gradients and centrifuged at 82,500g for 15 h. Gradients were fractionated and per cent sucrose was determined by refractometry (23) .
Treatment of Labeled Subceilular Membranes. After the sucrose gradients were fractionated, a 0.4-ml aliquot was removed from each fraction and precipitated in a final concentration of cold 5% trichloroacetic acid (w/v). The precipitates were collected on glass fiber filters (Whatman GF/A) and washed with 5% trichloroacetic acid. The radioactivity retained on the filters was determined in a Beckman model LS-100 liquid scintillation counter. For gradients overlaid with pellets washed in GM minus EDTA, the fractions around the major areas of radioactive incorporation were combined and treated with lipid-extracting solvents (3) . Incorporation of label into CHC13-CH30H (2:1)-soluble components, CHC13-CH30H-H20 (1:1:0.3)-soluble components, and the resulting lipid-extracted residue was determined. Residues were counted directly or treated with protease as described earlier (3) HCI for 2-3 h at 100 C. HCI was removed by repeated evaporation and dissolution of the hydrolysates in H20 and liberated sugars were identified by descending paper chromatography in solvent system B (ethylacetate-acetic acid-formic acid-water, 18:3:1:4).
Each chromatogram contained glucose, GlcNH2 and Man standards which were detected by the alkaline-silver nitrate method (1) . The rest of the chromatogram containing the labeled hydrolysates was cut into 1-cm sections and peaks of radioactivity were compared to the RF values of the standards.
Enzyme Assays. Cyt c oxidase and NADH Cyt c reductase activities were measured as described by Hodges and Leonard (12) . IDPase activity was assayed according to Leonard and Van Der Woude (19) and ATPase activity was measured as described previously (12) . All substrates used in Table I and pH 9.0 ATPase assays were exchanged with Dowex 50-W proton exchange resin to remove Na+ (12) . Phosphatase activity was measured by the release of Pi (9) and protein was estimated by the Lowry procedure (21) .
RESULTS
Linear Sucrose Density Gradient Analysis of a 13,000-40,000g (23) , the major peak of incorporated label shifted concomitant with the ER marker and confirmed the RER as the major site of incorporated Man. This was not a surprise since RER has associated GDP:Man transferase activities (23, 24) .
The other localized area of incorporation was at a density of 1.14 g/cc. Membranes at this density had an associated pH 9.0 KCl:ATPase activity. After EDTA treatment (Fig. 1B) , a shoulder of incorporated label coincident with the alkaline pH 9.0 KCI:
ATPase activity was still observed although there was a close proximity to membranes with associated IDPase activity. The pH 9.0 ATPase activity at 1.185 g/cc was not shifted by EDTA treatment (Fig. 1, A (23, 24) . The third area of incorporation was observed at 1.14 g/cc and was coincident with pH 9.0 ATPase activity ( Fig. 2A) .
After EDTA treatment, the major peak of D-[ 4CJGlcNH2 incorporation corresponded to the ER marker (Fig. 2B) . The majority of RER was shifted to 1.10 g/cc as reported previously (23, 24) but in this case the NADH:Cyt c reductase activity exhibited a double peak (Fig. 2B) . Results in Figure 2B do not clearly distinguish between membranes containing pH 9.0 ATPase activity and the membranes with an associated IDPase activity. How Fig. 4) , and 1.24 g/cc (protein bodies; ref. 23) were not affected by EDTA treatment (Fig. 3B) . The Fractions around 1.14 g/cc were pooled from control gradients (minus EDTA treatment) and the associated phosphatase was further characterized. The phosphatase had an alkaline pH optimum ( Fig. 6 ) when assayed in the presence of Mg2" plus KCI and the greatest KCl stimulation occurred at pH 9.0. When a substrate specificity was determined at pH 9.0, very little phosphatase activity occurred in the absence of ions. In the presence of Mg2+, ATP was the preferred substrate although considerable activity was apparent with GTP (Table I ). The greatest KCI stimulation was found in the presence of ATP (Table I) .
It was not determined whether the enzyme was stimulated by monovalent cation or anion and hence we referred to the activity as KCI stimulation. The location of the KCl-stimulated alkaline: ATPase activity in sucrose gradients is virtually identical to that reported for oat roots (18) . The enzyme from oat roots was sensitive to anions, had an alkaline pH optimum and was thought to be associated with a population of "inverted" plasma membrane vesicles (6). Although we cannot rule out the possibility that the pH 9.0 ATPase activity was associated with plastid membranes, this seems unlikely for the following reasons. The chloroplast envelope AT Pase is usually found at a lighter density ( 
and is stimulated by Mg2" (26) but whether it is further stimulated by KCI or whether it has an alkaline pH optimum has not been reported. Thylakoid associated ATPase also has alkaline pH activity and seems to be sensitive to organic anions (25) . Our data indicates less pH 9.0 ATPase activity at 1.14 g/cc in gradients overlaid with a 250-13,000g pellet which contains most of the thylakoid membranes (Fig. 4A ). Higher total activity for the pH 9.0 ATPase was found in gradients containing the least amount of thylakoid membrane (Fig. 5A and ref. 23) . The properties of the pH 9.0 ATPase are similar to those associated with "inverted" plasma membrane vesicles, but because we cannot rule out the possibility that the enzyme activity is associated with plastid envelopes or vesiculated mitochondrial membranes, we will refer to this membrane component by the symbol PM? for the sake of brevity.
Partial Characterization of in Vivo Labeled Products. Gradient fractions were pooled around specific densities and 0.5-ml aliquots were extracted with lipid solvents. Membrane fractions chosen for these experiments were determined from the results in Figures IA,  2A , 3A, and 4A and are listed according to organelle or subcellular membrane in Table II 1-soluble lipid occurred in RER (Table II) (5) . The acidic lipid was also identical in RF value to a lipid oligosaccharide which was synthesized in vitro by particulate fractions incubated with UDP-GlcNAc (3). Both ionic nonacidic lipid and acidic lipid were present in the 1:1:0.3 extract from PM? and Golgi membranes (Table III) . In contrast, all of the 1:1:0.3-soluble radioactivity associated with mitochondria, unidentified membranes, and protein bodies was found in ionic nonacidic lipids whereas all of the radioactivity in RER membranes was associated with acidic lipid (Table III) (Table IV) . This indicated that radioactivity was associated with glycoproteins. Larger aliquots for the extraction procedure were available for the membrane fractions obtained from sucrose gradients overlaid with a 250-13,000g pellet. Thus the total counts associated with the undigested residues in Table IV are not comparable since equal size aliquots were not lipid extracted.
Residues of all membrane fractions isolated from cotyledons incubated with D-[t4C]Man were acid hydrolyzed and radioactive products were separated by descending chromatography with solvent system B. Most of the radioactivity had the same Rp as the Man standard. However, the hydrolysates of residues from RER and mitochondria also contained label which had an RF value similar to glucose. Acid hydrolysis of residues from membrane fractions isolated from cotyledons incubated with D- ['4CJGlcNH2 showed that most of the radioactivity had the same RF value as the GlcNH2 standard. Residues from RER, mitochondria, and the unidentified membrane fraction also contained a minor labeled component with an RF value similar to glucose. These experiments were necessary to insure that glycoproteins contained the original (23, 24) . In contrast to the in vitro studies (23, 24 ) the distribution of radioactivity in vivo showed more extensive labeling of glycoproteins (residue) compared to lipid components (Table II) . The glycolipids incorporating radioactivity in vivo in the RER had properties similar to those characterized in vitro which are thought to be involved in glycoprotein assembly (3, 5, 35, 37) . Although labeled glycoproteins associated with the RER were not characterized they could represent integral membrane proteins or in transit glycosylated proteins destined for secretion. The disparity between incorporation into lipids and glycoproteins in vitro and in vivo has also been observed in studies with animal cells (33) . Two reasons for the discrepancy have been proposed (33) . The proportion of total sugar residues incorporated into glycoproteins via lipid intermediates may be quite small whereas most sugar residues are transferred to protein without lipid intermediates. This explanation does not eliminate the possibility that the synthesis and transfer of the core oligosaccharide to proteins is mediated by lipid intermediates whereas distal sugars are added directly to the growing protein-linked oligosaccharide chain. In this situation the number of sugar residues in the core would be small compared to the total incorporated into the completed glycoprotein. While extensive characterization of glycoproteins were not conducted in those cases where the oligosaccharide components have been described, the glycosyl moiety is relatively short and resembles core oligosaccharide in structure (20, 30) .
A second possibility (33) is that the amount of protein acceptor in intact cells is considerably higher than that available in isolated particulate preparations. The observed glycosylation of nascent peptides (36) is consistent with this interpretation. If protein synthesis is sustained in intact cells, lipid intermediates could turn over; however, termination of protein synthesis by isolation of RER membranes would prevent turnover thus causing an accumulation oflipid intermediates. Alternatively, the protein acceptor could be present in isolated RER membranes but already glycosylated. The in vitro transfer could not be made with large success because the protein acceptor is in the wrong form.
A third possibility is that sugar molecules are transferred directly to proteins and lipids without first being converted to nucleoside diP sugars. This does not seem feasible since the isolated RER (Table V) .
In isolated RER, free sugars are not extensively transferred to glycoproteins or glycolipid when compared to nucleoside diP sugars (Table V) associated with the lipid free residue of Golgi membranes in vivo was incorporated into glycoproteins (Table II and IV) .
In contrast, no distinct incorporation of D-I'4CJMan was observed in Golgi membranes fractions although these membranes contained GDP:Man transferase activity (23, 24) . Label transferred from GDP-Man to lipid-extracted residue was only slightly released by protease (24) or SDS treatment (23) indicating that most in vitro transfer was not made to glycoproteins. Low incorporation of D-['4C]Man by Golgi membranes (Fig. 1) into residue (Table II) is consistent with this observation. The labeled nonproteinaceous residue resulting from the in vitro transfer may represent polymannan (32) . Whether these Man labeled nonproteinaceous components are artifacts of the in vitro assay or whether they actually have a biological function is not clearly understood (1 1).
Similarly, membranes of unknown origin at a density of 1.20 g/ cc contained GDP:mannosyl transferase activities (23, 24) but these membranes did not incorporate D-["4C]Man in vivo (Fig. 3) .
When the lipid-free product of the in vitro reaction was treated with SDS (28) The unidentified component was in close proximity to the A280 peak (Fig. 4) representing protein bodies (23) and this suggested that the unidentified fraction was a type of protein body. Recently, two different types of protein bodies were reported for some seeds (15) . Protein bodies do not have associated GDP:Man transferase or UDP:GlcNAc transferase activities (23, 24) . However, the The role of chloroplast membranes in the biosynthesis of glycoproteins containing Man and GlcNAc is not clear from our in vivo studies. Our previous report (23) indicated that only very low levels of UDP:GlcNAc and GDP:Man transferase activities were associated with plastid membranes. To ascertain the role of chloroplasts in the synthesis of glycolipids and glycoproteins containing Man and GlcNAc, future studies should be performed on leaf tissue.
Studies with animal cells have implicated the plasma membrane in glycoprotein synthesis (31) and glycoproteins have been identified in these membranes (14, 31) . In our previous work, we failed to detect GDP:Man and UDP:GlcNAc transferase activities associated with plasma membrane (23, 24 
